Stain-free, single-cell segmentation and tracking is tantamount to the holy grail of microscopic cell migration analysis. Phase contrast microscopy (PCM) images with cells at high density are notoriously difficult to segment accurately; thus, manual segmentation remains the de facto standard practice. In this work, we introduce Usiigaci, an all-in-one, semi-automated pipeline to segment, track, and visualize cell movement and morphological changes in PCM. Stain-free, instance-aware segmentation is accomplished using a mask regional convolutional neural network (Mask R-CNN). A Trackpy-based cell tracker with a graphical user interface is developed for cell tracking and data verification. The performance of Usiigaci is validated with electrotaxis of NIH/3T3 fibroblasts. Usiigaci provides highly accurate cell movement and morphological information for quantitative cell migration analysis.
Motivation and significance

118
In the GUI of the tracking module, by imposing a simple criterion, select 119 complete tracks, the valid tracks IDs of which exist in every frame, can be se-120 lected. Thereafter, users can manually verify whether the tracking is correct 121 by cross-referencing against raw images. The amount of labor in the proposed 122 workflow is less than that associated with conventional manual tracking [4] . 123 Subsequently, centroid and morphology parameters such as angle, perimeter, 124 and area of each ID in valid tracks can be extracted and produced using the The IDs in consecutive images are linked and tracked in the tracking module.
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A GUI is developed to provide manual data verification for users to identify intervention, which is essential to ensure data validity in single-cell migration 191 analysis [39] . 192 We characterized tracking performance using multiple object tracking is carried out automatically to generate visual representations that can be 232 understood intuitively (Fig. S.9 in the SI document).
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We further examine overall accuracy in the context of cell migration 
